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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor wafer 
heating plate-like tool, which can uniformly heat a 
semiconductor wafer without causing slips or defects even if 
the semiconductor wafer has a large diameter, and a mounter of 



the tool. 

SOLUTION: In a plate-like semiconductor wafer heating tool 2, 
in which a semiconductor wafer 1 is mounted on the upper face 
to heat it, the upper face has a circular margin of a diameter 
having one or more of a wafer to be processed, and also is 
formed in a recessed curve face shape having the deepest part 
at the center part, and a difference between heights, namely 
between a contact point position with a mounted wafer margin 
and the deepest part is in the range of 20 to 500 |im. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The fixture for semi-conductor wafer heat-treatment characterized by to be in the range whose 
differences of elevation of a contact location with the wafer periphery which it was formed in the concave 
bend side configuration have the deepest part, and laid in the center section in the fixture for semi-conductor 
wafer heat-treatment of the shape of a plate which lays a semi-conductor wafer in the top face, and heat- 
treats it while said top face had the circular periphery of the diameter more than the diameter of a processed 
wafer, and said deepest part are 20 micrometers thru/or 500 micrometers. 

[Claim 2] The fixture for semi-conductor wafer heat-treatment indicated by claim 1 which the inferior 
siirface of tongue which counters said top face has a concave bend side configuration parallel to a top face, 
2ind is characterized by thickness being 1 thru/or 1 .5mm. 

[Claim 3] The fixture for semi-conductor wafer heat-treatment indicated by claim 1 characterized by being 
in the range said whose differences of elevation in said top face are 20 micrometers thru/or 200 
micrometers, forming mostly in a flat surface the inferior surface of tongue which counters this top face, and 
being in the range the periphery section thickness of whose is 1 .2 thru/or 1 .5mm. 

[Claim 4] The fixture for semi-conductor wafer heat-treatment indicated by claim 2 or claim 3 characterized 
by center line average-of-roughness-height Ra in the contact section with the semi-conductor wafer of said 
top face being in 0.3 thru/or 0.8-micrometer range. 

[Claim 5] The fixture for semi-conductor wafer heat-treatment indicated by claim 4 characterized by 
forming two or more holes penetrated on the inferior surface of tongue fi-om said top face. 
[Claim 6] the fixture for semi-conductor wafer heat-treatment according to claim 1 to 5 which laid the 
processed wafer — an unit — or more than one were carried — It is equipment for semi-conductor wafer heat- 
treatment for heat-treating said processed wafer. Equipment for semi-conductor wafer heat-treatment using 
the fixture for semi-conductor wafer heat-treatment characterized by providing the supporter material to 
which this equipment supports said fixture in the location which separated the one 0.8 times distance [ 0.6 
thru/or ] of this of this radius fi-om the inferior-surface-of-tongue central point of said fixture to radial. 
[Claim 7] Equipment for semi-conductor wafer heat-treatment using the fixture for semi-conductor wafer 
heat-treatment indicated by claim 6 characterized by inferior-surface-of-tongue support of said fixture for 
semi-conductor wafer heat-treatment being mostly performed by three points of a regular-intervals location. 
[Claim 8] It has top plating, a bottom plate and this top, and the connection member that separates 
predetermined spacing and carries out connection immobilization of the So that it may be 

equipment for semi-conductor wafer heat-treatment which said two or more fixtures which laid the semi- 
conductor wafer among both plates were carried vertical multistage one, and was supported and said 
supporter material can support said each fixture according to an individual Equipment for semi-conductor 
wafer heat-treatment using the fixture for semi-conductor wafer heat-treatment indicated by claim 6 or claim 
7 characterized by being projected and prepared in multistage from said connection member. 
[Claim 9] Equipment for semi-conductor wafer heat-treatment using the fixture for semi-conductor wafer 
heat-treatment indicated by claim 8 characterized by for said connection member having consisted of three 
pillar-shaped members prepared between disc-Hke ********^ making said supporter material project 
fi-om each pillar-shaped member. 

[Claim 10] Equipment for semi-conductor wafer heat-treatment using the fixture for semi-conductor wafer 
heat-treatment indicated by claim 6 or claim 7 which is equipment for semi-conductor wafer heat-treatment 
which holds said fixture which laid the processed wafer and heat-treats this, and is characterized by 
projecting and forming said supporter material in the top face of a plate-like base material. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the fixture for semi-conductor wafer heat-treatment of the 
shape of a plate which has the semi-conductor wafer installation top face formed in the detail at the specific 
configuration, and the equipment for semi-conductor wafer heat-treatment using this more about the 
equipment for semi-conductor wafer heat-treatment which used the fixture for semi-conductor wafer heat- 
treatment, and this. 
[0002] 

[Description of the Prior Art] There are various heating treatment processes, such as oxidation, diffusion, 
and membrane formation, in the production process of a semiconductor device, and a semi-conductor wafer 
receives various heat-treatment in it in these processes. And according to the mode of these processings, the 
class of a heating means to use it, etc., the various fixtures for semi-conductor wafer heat-treatment are used. 
For example, in the case of the semi-conductor wafer heat treatment process using a vertical mold heat 
treating furnace, loading maintenance is carried out and semi-conductor wafers, such as two or more silicon 
single crystal wafers, are processed by a vertical mold multistage wafer maintenance fixture and the so- 
called vertical mold wafer boat. This vertical mold wafer boat has structure which the stanchion member 10 
of the rod configuration in which many slots (slit) 1 1 for laying a wafer 12 were established arranged to two 
or more (3 when it is usually 3 or 4, and drawing 6 ), and a lengthwise direction, as shown in drawing 6 . 
[0003] A wafer 12 is supported by two or more of these stanchion members 10 by several points (in the case 
of drawing 6 three points) of the periphery section, and is heat-treated. Generally as a formation material of 
this wafer boat, the (Silicon Si) sinking-in silicon carbide of quartz glass and a silicon carbide (SiC) coat, 
single crystal silicon, polycrystalline silicon, etc. are used. 

[0004] Moreover, a semi-conductor wafer is laid in susceptor - of a batch type or single wafer processing 
which consists of the graphite base material with which the case of the thin film vapor growth process to the 
wafer side by an epitaxial growth system etc., for example, a SiC coat, was carried out, and predetermined 
processing is made. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in order that the self-weight of a wafer may 
concentrate on a supporter, the stress which this produces is always acting on the processed wafer laid in 
fixtures for semi-conductor wafer heat-treatment, such as a vertical mold wafer boat. And if this stress 
exceeds critical shear stress, a rearrangement will occur in a wafer. This rearrangement becomes even 
macroscopic magnitude with breadth and a slip according to an operation of stress. Generating of this slip 
reduces the quality of a wafer greatly. 

[0006] Generally, in critical shear stress, the value becomes small like an elevated temperature, and this 
means becoming easy to generate a slip of a wafer remarkably under elevated-temperature ambient 
atmospheres, such as heat treatment, as compared with the time of ordinary temperature. In order to gather 
the device yield per wafer with high integration of a semiconductor device especially in recent years, 
diameter-ization of macrostomia of a wafer is progressing. Consequently, the self-weight of a wafer 
becomes large, it is in the inclination for the stress which acts on a wafer in connection with it to increase, 
and into a wafer, it is easier to generate a slip and it is coming. 

[0007] Moreover, it originates in the size of a wafer other than the above-mentioned reason becoming large, 
and is in the inclination for the temperature gradient of the wafer core and the periphery section especially at 
the time of a temperature up to become large, and the thermal stress produced according to this temperature 
gradient has also become one of the causes of the above-mentioned slip generating. Although the so-called 
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CZ-silicon wafer manufactured with the Czochrlski method was typical as a base material of a 
semiconductor device, also among this CZ-silicon wafer, it had the inclination for the slip with which the 
oxygen density between grids [Oi] generated especially the low oxygen density CZ-silicon wafer between 
low grids to tend to become large, and the big slip was generated at the time of wafer processing of heat- 
treatment etc. 

[0008] In order to avoid the yield fall of a wafer based on such slip generating, the number of the supporting 
points of the wafer in said fixture for semi-conductor wafer heat-treatment is increased, the support load per 
point is decreased, and it can consider making the stress in a supporting point mitigate below to said critical 
shear stress. 

[0009] However, even if it increases the number of the supporting points of the wafer in the fixture for semi- 
conductor wafer heat-treatment, from problems, such as level precision during each supporting point, in fact, 
a wafer will be in the condition of supporting in spot with the supporting point of about at most four points, 
by the above-mentioned approach, concentration of stress still remains and substantial solution is not made. 
[0010] Then, how to lay a wafer in the approach of supporting mostly on the whole surface, lay a wafer on 
the diameter of said and the circular plate of the same thickness mostly with it, and support was able to be 
considered. Let it be a fundamental concept for this approach to increase a supporting point as much as 
possible. However, there is irregularity in an actual plate side, a wafer was not able to be substantially 
supported only by heights, and the purpose of as a result controlling generating of a slip completely was not 
able to be attained. Moreover, as one of the means to solve this problem, the wafer installation side of a 
plate plate is finish-machined until the irregularity of this fi-ont face is lost nearly completely by mirror 
polishing etc., and how to lay a wafer in that fi*ont face can be considered. However, the wafer and the plate 
plate stuck firmly at the time of heat-treatment, and it invited new un-arranging [ that it became difficult to 
make a wafer and a plate plate exfoliate ]. 

[001 1] this invention person etc. completed this invention for the ability of the above-mentioned problem to 
be solved certainly based on a header and this knowledge by using the fixture for semi-conductor wafer 
heat-treatment of the shape of a plate which formed the wafer installation side in the specific configuration 
so that it might explain in full detail below, as a result of repeating research wholeheartedly about the 
optimal configuration of the installation side for supporting a wafer in a field, in order to solve the above- 
mentioned trouble in support fixtures, such as the conventional wafer boat. Moreover, based on a header and 
this knowledge, this invention was completed for the ability of the above-mentioned problem to be solved 
certainly with said fixture and the equipment for semi-conductor wafer heat-treatment formed in the specific 
supporting structure of the member which supports this so that it might inquire wholeheartedly and the 
optimal gestalt of the approach (member) of carrying plate-like the fixture for semi-conductor wafer heat- 
treatment, and supporting might be explained in full detail below. 

[0012] This invention aims at offering the fixture for semi-conductor wafer heat-treatment which can heat- 
treat a semi-conductor wafer to homogeneity, and the equipment for semi-conductor wafer heat-treatment 
using this, without generating a slip and a defect, even if it is the semi-conductor wafer of the diameter of 
metaphor macrostomia. 
[0013] 

[Means for Solving the Problem] In the fixture for semi-conductor wafer heat-treatment of the shape of a 
plate which lays a semi-conductor wafer in the top face, and heat-treats it, while the fixture for semi- 
conductor wafer heat-treatment of this invention has the circular periphery of the diameter more than the 
diameter of a processed wafer, said top face The difference of elevation of a contact location with the wafer 
periphery which it was formed in the concave bend side configuration of having the deepest part, and was 
laid in the center section, and said deepest part is characterized by being in the range which is 20 
micrometers thru/or 500 micrometers. 

[0014] It is desirable to form the concave bend side configuration in the top face of the fixture for semi- 
conductor wafer heat-treatment of the shape of said plate (it may be called a plate-like fixture for short 
below) in a paraboloidal shape or a concave spherical-surface configuration here. Moreover, when the 
concave bend side configuration in the wafer installation side of said plate-like fixture is formed in a 
concave spherical-surface configuration and the radius of curvature (r) of said concave spherical-surface 
configuration sets the difference of elevation fi"om the contact location of b, this wafer periphery, and an 
installation side to said deepest part to a for the radius of the wafer to lay, it is r= (b2+a2). It is desirable to 
have the relation of /2a. Furthermore, it is desirable for center line average-of-roughness-height Ra of the 
wafer installation side of said plate-like fixture to be 0.3 thru/or 0.8 micrometers. 

[0015] Moreover, as for the configuration of this plate-like fixture, it is desirable that the inferior surface of 
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tongue where said difference of elevation in the thing and said top face of a configuration of the concave 
curved-surface pan type with which the inferior surface of tongue which counters said top face is parallel to 
a top face is in ttie range which is 20 micrometers thru/or 200 micrometers, and counters a top face is mostly 
formed in a flat surface, and that they are the so-called concave surface and flat-surface mold configuration. 
When a configuration is concave curved-surface pan type, it is desirable that that thickness is in the range of 
1 .0mm thru/or 1 .5mm, and it is desirable for the error range of the thickness at this time especially to be less 
than **0.3mm further. Moreover, in the case of a concave surface and a flat-surface mold configuration, 
especially the thing in the range the periphery section height (periphery section thickness) of whose is 1 .2 
thru/or 1 .5mm is desirable. Moreover, it is desirable to arrange two or more through tubes in the wafer 
installation side of said plate-like fixture, and it is desirable that the aperture of said through tube is 3mm 
thru/or 1 0mm and for the number of said through tubes to be [ three pieces thru/or ] ten. 
[0016] Furthermore, the equipment for semi-conductor wafer heat-treatment of this invention is an unit or 
equipment for semi-conductor wafer heat-treatment for carrying more than one and heat-treating said 
processed wafer about the above-mentioned fixture for semi-conductor wafer heat-treatment which lays a 
processed wafer, and this equipment is characterized by to provide the supporter material which supports a 
fixture in the location which separated the one 0.8 times distance [ 0.6 thru/or ] of this of this radius from the 
inferior-surface-of-tongue central point of said fixture to radial. Here, as for the above-mentioned equipment 
for semi-conductor wafer heat-treatment, it is desirable to support the inferior surface of tongue of a 
processed wafer installation fixture by at least three points. Especially the thing for which at least three 
points which support said plate-like fixture on a base are located mostly at equal intervals is desirable. 
[0017] Moreover, said equipment for semi-conductor wafer heat- treatment is equipped with top plating, a 
bottom plate and this top, and the connection member that separates predetermined spacing and carries out 
coimection immobilization of the ******. So that it may be equipment for semi-conductor wafer heat- 
treatment which said two or more fixtures which laid the semi-conductor wafer among both plates were 
carried vertical multistage one, and was supported and said supporter material can support said each fixture 
according to an individual It is desirable that it is equipment for semi-conductor wafer heat-treatment 
projected and formed in multistage from said connection member. Moreover, especially the thing that said 
connection member in the equipment for semi-conductor wafer heat-treatment of said vertical mold wafer 
boat format consists of three pillar-shaped members prepared between disc-like and is made for 

said supporter material to project from each pillar-shaped member is desirable. Furthermore, it is desirable 
that it is susceptor - the equipment for semi-conductor wafer heat-treatment with which it is equipment for 
semi-conductor wafer heat-treatment with which said equipment for semi-conductor wafer heat-treatment 
holds said fixture which laid the processed wafer, and heat-treats this, and said supporter material was 
projected and formed in the top face of a plate-like base material, i.e., the so-called batch type, and for 
single-wafer-processing semi-conductor wafer processors. 

[0018] It is the remarkable description that it is the plate for wafer installation which has the specific wafer 
installation side that the plate-like fixture for semi-conductor wafer heat-treatment concerning this invention 
is formed in a center section at the concave bend side configuration to have the deepest part while it has a 
diameter beyond the optimal wafer installation side, i.e., the diameter of an installation wafer, in order to 
support a wafer in a field, and it is in the range whose differences of elevation from a contact location with 
an installation wafer periphery to the deepest part are 20 thru/or 500 micrometers. 
[0019] For example, when a periphery supports a wafer in respect of specific concave bend side 
configuration installation of a circular paraboloidal shape or a concave spherical -surface configuration, the 
periphery section and this installation side of a wafer contact first. And the laid wafer bends with a self- 
weight and the center section also comes to touch an installation side center section by sinking slightly. By 
this, a wafer is supported by coincidence in both an installation side periphery and the center section, and 
can ease concentration of stress. 

[0020] Since in the case of the above wafer support modes a wafer is wide range and it is supported, a slip is 
not generated. That is, in this invention, especially the thing in the range whose differences of height with 
the wafer periphery contact location of a center section (deepest part) and the installation side periphery of 
that the installation side of the plate-like fixture for wafer installation is formed in a concave bend side 
configuration and a wafer installation side are 20 thru/or 500 micrometers is important. If this difference 
exceeds 500 micrometers, although a wafer will not bend, since the center section of a wafer cannot reach 
even an installation side, it becomes support of only the periphery section, and it is easy to generate a slip 
from there. Moreover, this difference will support some of center sections of a wafer, or a center section and 
specific wafers in less than 20 micrometers, and a slip is generated from there. 
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[0021] Moreover, the above-mentioned slip generating can be prevented more certainly, a wafer and a plate 
cannot stick at the time of heat-treatment, but a wafer can be made to exfoliate easily in the fixture for semi- 
conductor wafer heat-treatment of this invention by making center line average-of-roughness-height Ra (JIS 
B0601-1994) of the installation side of said plate-like fixture into 0.3 thru/or the range of 0.8 micrometers. 
Moreover, it can prevent that a wafer breaks at the time of exfoliation by making roughness into this range. 
[0022] Moreover, it has the advantage which prevents adhesion of both fi*om whom 3 thru/or the thing of a 
mode arranged ten pieces produce the through tube whose aperture is 3 thru/or about 1 0mm when the gap of 
an installation wafer and a plate will be in a vacua at the time of heat-treatment to the installation side of a 
plate-like fixture. 

[0023] Furthermore, especially in the case of the fixture of a mode of said plate-like fixture with which an 
installation side consists of silicon (Si) at least, by not damaging a wafer, since physical properties, such as a 
wafer, coefficient of thermal expansion, and a degree of hardness, are the same when an installation wafer is 
a silicon wafer, in being especially single crystal silicon, it is a high grade and there is no problem of 
contamination. Moreover, what the inferior surface of tongue which counters the top face of a plate-like 
fixture has a concave bend side configuration parallel to a top face, and has the thickness of this plate 
material in 1 .0 thru/or the range of 1 .5mm has sufficient support reinforcement, without causing 
deformation etc., also when a wafer is laid and heated on [ other than the above-mentioned advantage ] a 
plate. Especially, since heat capacity is not excessive, either, heat transfer is also quick, and since the 
temperature up of the wafer can be carried out to homogeneity without temperature nonuniformity at the 
time of heating, slip generating of a wafer based on temperature distortion can be controlled, if it is in the 
range whose differences of elevation in the top face of a plate fixture are 20 micrometers thru/or 200 
micrometers on the other hand and an inferior surface of tongue is one of those which were mostly formed 
in the flat surface — the heterogeneity of heat transfer to the difference of elevation — comparatively — being 
small (200 micrometers) — it is necessary to stop 

[0024] Furthermore, in said plate-like fixture and its base, the equipment for semi-conductor wafer heat- 
treatment with which said three supporting points be locate in radial fi"om the inferior surface of tongue core 
of a plate-like fixture as 0.6 thru/or 0.8 times as many ******** ^s this of this radius with the equipment for 
semi-conductor wafer heat-treatment support by at least three points have the advantage which can control 
the wave status change form in the periphery section of the installation wafer often produced conventionally 
by supporter material again. In the case of less than 0.6 times of this radius, a supporting section becomes 
fi*om the inferior-surface-of-tongue core of a plate-like fixture with the letter of a projection radial, and it 
becomes support of only this part, and becomes easy to generate a slip to a wafer. On the other hand, when 
0,8 times of this radius are exceeded fi*om the inferior-surface-of-tongue core of a plate-like fixture to radial, 
this plate bends too much, and it mainly becomes support of only the wafer circumference, and becomes 
easy to generate a slip. Moreover, when the equipment for semi-conductor wafer heat-treatment is the so- 
called vertical mold wafer boat format, a wafer installation plate fixture can be carried in multistage, and 
many wafers can be heat-treated good at once, without producing the defect of a slip etc. Moreover, a plate- 
like fixture is applicable also to batch type or single-wafer-processing susceptor 
[0025] The plate-like fixture for semi-conductor wafer heat-treatment of this invention is applicable 
effective in heat-treatment of the oxygen density silicon wafer between low grids said especially to be easy 
to generate a slip in the time of heat-treatment etc. 
[0026] 

[Embodiment of the Invention] Below, this invention is explained to a detail based on drawing. Drawing 1 is 
the perspective view having exaggerated and shown 1 operation gestalt of the plate-like fixture conceming 
this invention, drawing 2 (a) and (b) are drawings having shown the condition of having laid the processed 
wafer in the plate-like fixture of drawing 1 , and (b) is [ (a) is the sectional view showing the condition of 
the wafer immediately after installation, and ] the sectional view showing the change of state of the wafer 
under heating. Drawing 3 is the perspective view having exaggerated and shown other 1 operation gestalten 
of the plate-like fixture of this invention. Drawing 4 is drawing having shown the equipment for semi- 
conductor wafer heat-treatment conceming this invention which multistage-carried the plate-like fixture of 
this invention which laid the semi-conductor wafer which should be heat-treated, and was supported in the 
mode held in the furnace. The mode which held in the fiimace the equipment for semi-conductor wafer heat- 
treatment conceming this invention of single wafer processing which supported the singular plate-like 
fixture by three supporter material shows drawing 5 (a) and (b), (a) shows the side elevation and (b) shows a 
top view. Moreover, drawing 6 shows the conventional vertical mold wafer boat which supports a semi- 
conductor wafer. Furthermore, the perspective view having shown the support which constitutes the semi- 
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conductor wafer heat treatment equipment concerning this invention with which the plate-Hke fixture of this 
invention carries out multistage loading support of drawing 7 , Single wafer processing to which drawing 8 
supported the singular plate-like fixture by ring-like supporter material, The sectional view having shown 
the semi-conductor wafer thermal treatment equipment concerning this invention, the top view of this 
equipment that showed drawing 9 to drawing 8 R> 8, and drawing 10 are the semi-conductor wafer heat 
treatment equipments conceming this invention which made ring-like supporter material the shape of 
horseshoe shape. 

[0027] The plate-like fixture for semi-conductor wafer heat-treatment of this invention is formed so that it 
may be formed in a center section at the concave bend side configuration of having the deepest part and may 
become the range whose differences of elevation a fi-om a contact location with an installation wafer 
periphery to said deepest part are 20 thru/or 500 micrometers, while the wafer installation side (top face) has 
the periphery diameter D more than diameter 2b (radius b) of the processed wafer laid, as shown in drawing 
i and drawing 2 . 

[0028] When a processed wafer is laid in this wafer installation side, as it is shown in drawing 2 (a), if a 
wafer 1 contacts an installation side, and is supported in that periphery section and it heat-treats in this 
condition, a center section will bend slightly with that self-weight, and will sink from the periphery section, 
the center section that center section of whose is the deepest part of the plate-like fixture 2 will be touched, 
and it will be supported in respect of [ whole ] this concave bend ( drawing 2 (b)). 
[0029] A wafer receives heat fi-om both by the side of an inferior surface of tongue and a top face, when 
heated within a thermal treatment equipment. By the differential thermal expansion by this, since there are 
many inferior-surface-of-tongue sides a little, although the heating value has the very few peripheries of a 
wafer, it usually has the inclination to curve up. Support of the concave bend side by said plate-like fixture 2 
uses such a property of said wafer. 

[0030] The wafer installation side of the plate-like fixture 2 of this invention is formed in the configuration 
which suited the natural deformation at the time of heat- treatment of the above-mentioned wafer. From the 
above-mentioned purpose, the configuration of this wafer installation side will not be especially limited, if it 
is the concave bend side configuration of having the deepest part in the center section. For example, 
although it is formed in the concave bend side configuration of arbitration and does not interfere, you may 
be the paraboloidal shape in which a concave bend side is formed by rotating a parabola, the concave 
spherical-surface configuration formed by rotating a circle. 

[003 1 ] Especially a desirable concave bend side configuration is r= (b2+a2), when the radius of curvature (r) 
sets the difference of elevation fi-om a contact location with the installation side of b and this wafer 
periphery to an installation **** concave point to a for the radius of an installation wafer, as shown in 
drawing 2 (a). It is formed in the shape of [ which has the relation of /2a ] the concave spherical surface. 
[0032] It is [ in / at this invention / the concave bend side configuration of the above-mentioned wafer 
installation side ] important 20 thru/or that the difference of elevation firom a contact location with an 
installation wafer periphery to the deepest part carries out a configuration setup as there are 500 micrometers 
in the range of 50 thru/or 350 micrometer** more preferably. When this difference of elevation exceeds 500 
micrometers, the center section of a wafer cannot reach the center section which is the deepest part of said 
installation side, and cannot serve as support of only a wafer periphery substantially, and slip generating of 
the wafer which is the purpose of this invention cannot fijUy be prevented. On the other hand, when the 
difference of elevation is less than 20 micrometers, the case where the curvature at the time of heating of a 
wafer exceeds the difference of elevation cannot arise, it cannot become a wafer center section or a center 
section, and support only at a periphery partial point, and the purpose of this invention cannot fiilly be 
attained in this case. In addition, said wafer installation side is radius-of-curvature r= (b2+a2). When formed 
in the shape of [ which has the relation of /2a ] the concave spherical surface, radius of curvature is set to 
56.25 thru/or 562.5m with the diameter (300mm) of 12 inches of processed wafers. 

[0033] As for the part which touches an installation wafer in the installation side (top face) of said plate-like 
fixture of this invention, it is desirable to be formed in the range whose center line average-of-rou^iness- 
height Ra (JIS B0601-1994) which is the surface roughness is 0.3 thru/or 0.8 micrometers. When the center 
line average of roughness height is less than 0.3 micrometers, a wafer and an installation side tend to stick at 
the time of heat-treatment, and it becomes difficult to make a wafer exfoliate fi-om a plate-like fixture. When 
the center line average of roughness height exceeds 0.8 micrometers, support in the installation side contact 
section of a wafer tums into support of only the convex point of a split face, and causes slip generating. 
[0034] moreover - although not illustrated - the wafer installation side of the plate-like fixture of this 
invention ~ aperture ~ 3 — or it is especially preferably desirable 3 thru/or to distribute and arrange 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web cgi ejje 1/24/2006 



JP,2000-269150,A [DETAILED DESCRIPTION] 



Page 6 of 10 



especially 5 thru/or ten 8mm through tubes in homogeneity in 4 thru/or seven pieces, and a field preferably 
10mm. The plate-like fixture of the mode which prepared the above-mentioned through tube can prevent 
both adhesion produced when the gap of an installation wafer and a plate will be in a vacua at the time of 
heat-treatment. 

[0035] When the aperture of said through tube 3 is larger than 10mm, or when there are many holes from 
ten pieces, it becomes easy to cause increase of the temperature unevenness at the time of the fall of the 
plate-like fixture itself on the strength, or wafer heating. Moreover, when the through tube has been 
arranged in the wafer installation side at the ununiformity, the fall of a plate-like fixture on the strength is 
caused, and when arranged in the mode to which three or more through tubes are located in a line on the 
same straight line of the radius vector direction of a wafer side, the fall of a plate-like fixture on the strength 
is caused similarly. When, as for this, the same force acts by the cross section becoming small in the field if 
a hole is located in a line on the same straight line, since the cross section becomes small, stress becomes 
large. Since bending is proportional to stress, it will be greatly bent by the above-mentioned conditions after 
all. 

[0036] Especially if configurations other thein a wafer installation side of the above-mentioned plate-like 
fixture used by this invention are configurations which can be carried in the equipment for semi-conductor 
wafer heat-treatment of this invention, they are not limited, and they may be suitably set up according to the 
equipment structure of carrying this plate. A concave bend side configuration is formed in the plate fixture 2 
of a concave curved-surface pan type configuration (cup configuration) as shown in drawing 1 , and a top 
face as shown in drawing 3 as an appearance configuration of such a plate-like fixture, and the plate for 
wafer installation of a concave sxuface and a flat-surface mold configuration with an even base etc. can be 
illustrated. 

[0037] From a viewpoint which carries out the heating temperature up of the wafer to homogeneity without 
temperature nonuniformity at the time of heat-treatment, it has the proper cross-section thickness t with a 
component almost equal at the whole plate, and the plate fixture 2 of the cup configuration (pan form) which 
is not excessive is desirable. In the case of the fixture (fixture shown in drawing 3 ) of a concave surface and 
a flat-surface mold configuration, in the periphery section of a fixture, and an inside inner, since there is a 
difference of heat capacity based on a difference of the thickness a little, when a semi-conductor wafer is 
laid and heat-treated to this, some heterogeneity may be produced in distribution whenever [ Men internal 
temperature / of a wafer ]. for this reason, in the case of the plate-like fixture (fixture shown in drawing 3 ) 
of the above-mentioned concave surface and flat-surface mold configuration The concave bend side 
configuration on the top face of a fixture is formed so that the difference of elevation of the contact location 
of an installation wafer periphery and the deepest part may be set to 20 thru/or 200 micrometers. And it is 
desirable to form the periphery section height (thickness) of this fixture so that the thickness of fixture 
center-section meat may be set to 1mm or more, in order to prevent 1.2 thru/or 1.5mm, i.e., deformation. 
Moreover, as an ingredient which constitutes a plate-like fixture, the (Silicon Si) sinking-in silicon carbide 
of the ingredient usually used for this kind of fixture, for example, quartz glass, and a silicon carbide (SiC) 
coat, single crystal silicon, polycrystalline silicon, CVD-SiC film material, etc. can be mentioned. Among 
tiiese, silicon is desirable and especially single crystal silicon is desirable. Especially, when a processed 
semi-conductor wafer is a silicon wafer, since physical properties, such as coefficient of thermal expansion 
and a degree of hardness, are the same, it makes [ do not damage a wafer and ] pollute and is desirable [ a 
part for a wafer installation surface part at least / the thing of the plate-like fixture 2 currently formed with 
the silicon single crystal ]. In addition, from especially the viewpoint of coefficient of thermal expansion, it 
is most desirable that it is a silicon single crystal simple substance. 

[0038] Moreover, when the formation ingredient consists of silicon, as for especially the plate-like fixture 2 
shown in drawing 2 , it is desirable [ cross-section thickness t of plate material ] that it is in 1 .0 thru/or the 
range of 1.5nmi. When the thickness of a plate-like fixture is less than LOmm and the plate-like fixture 2 is 
supported with the support of a vertical mold wafer boat format, the supported part and its circumference 
rise and said wafer installation side is made to produce local irregularity. Consequently, the wafer which 
said irregularity laid is touched and a wafer is made to generate a slip. On the other hand, when thickness 
exceeds 1 .5mm, the heat capacity of a plate-like fixture becomes large and it becomes easy to produce 
unimiformity-ization whenever [ Men intemal temperature / of a wafer ]. In addition, in the case of the plate 
fixture 2 of the concave surface and flat-surface mold configuration shown in drawing 3 , the above- 
mentioned plate fixture makes thickness t of the thinest part, i.e., a field center section, the above-mentioned 
cross-section thickness. 

[0039] The plate-like fixture which laid the processed wafer is supported with the support which has 
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predetermined supporter material, constitutes the equipment for semi-conductor wafer heat-treatment of this 
invention, and is held in this equipment. In this invention, especially if the support which holds a plate-like 
fixture is equipment equipped with the support means which supports this plate-like fixture, it is not limited, 
and it may be suitably chosen according to the processing purpose of a wafer. 

[0040] For example, in the case of processors, such as an epitaxial growth system, the susceptor 4 which 
holds the plate fixture 2 for wafer installation supported on letter supporter material of projection 4a as 
shown in drawing 5 (a) and (b) in bell jar 4b can be mentioned. That is, on a susceptor -4, plate supporter 
material 4a of three letters of a projection is prepared, and the plate fixture 2 of the cup mold (pan type) 
shown in drawing 1 is carried on the plate supporter material 4a. Said projection 4a is formed in the object 
with spacing of 120 degrees to the core of the plate fixture 2 for wafer installation. 

[0041] In the case of the equipment for semi-conductor wafer heat-treatment possessing the support fixture 
of the format of on the other hand carrying two or more wafers like a vertical mold wafer boat in multistage, 
what equipped multistage with the support means of a plate-like fixture as shown in drawing 4 can be 
illustrated. The support 5 of the shape of a vertical mold wafer boat shown in drawing 4 is equipped with 
double-width plate supporter material 5b projected ft-om this stanchion (connection member) 5a. Multistage 
installation of said plate-like fixture is carried out at said plate supporter material 5b. In addition, drawing 4 
is the side-face sectional view of the heat treating fiimace of a vertical mold, six in drawing shows a reactor 
core tube, and 7 shows the heater. 

[0042] When supporting a plate-like fixture with the plate supporter of support, in the base, it is desirable to 
be supported by the core of the plate-like fixture 2 by at least three points which are symmetry, and it is 
desirable that these especially three supporting points are located in radial from the core of a wafer 
installation plate-like fixture as 0.6 thru/or 0.8 times as many ******** as this of this radius. By supporting 
a plate-like fixture as mentioned above, generating of the wave status change form in the periphery section 
of the plate for wafer installation can be conventionally controlled in the fixture for semi-conductor wafer 
heat-treatment. 

[0043] Moreover, it changes to letter supporter material of projection 5b shown to drawing 4 that it 
described above, and it is good also as supporter material 5c of the shape of a ring as shown in drawing 7 , 
and supporter material may be formed in the shape of notching **** horseshoe shape for a part of supporter 
material 5c of the shape of said ring. In addition, the supporter material of the shape of said ring is 
applicable to drawing 8 and the thermal treatment equipments of single wafer processing as shown in 9. 
That is, ring-like supporter material 8a may be prepared in the top face of a base 8, and the plate-like fixture 
2 may be laid. Drawing 8 is the A-A sectional view of drawing 9 , and drawing 9 is a top view. Moreover, as 
shown in drawing 10 (a) and (b), supporter material may be formed in the shape of notching **** horseshoe 
shape for a part of supporter material 8a of the shape of said ring, at this time, it is shown in drawing 10 (a) - 
- as — the magnitude of that notch part — that central angle — 30 degrees or less have desirable theta. This is 
for making it temperature not become an unuhiformity to the inside of a wafer side, said 30 degrees are 
maximum and 1 0 degrees or less are more preferably good. 

[0044] Moreover, since the thing small as much as possible of the heat capacity of the supporter material 
which this fixture contacts is desirable, supporter material has the desirable cylindrical configuration of a 
circular cross section, and, as for a plate fixture and supporter material, making as [ become / point contact ] 
is desirable [ as described above, especially the configuration of supporter material is not limited, but ]. 
Although three or more points are sufficient as the number of supporting points, three are desirable, in order 
in the case of an end-fire array boat format only for the part to increase the number of a rod-like connection 
member and to cause increase of cost. Moreover, in the case of single wafer processing, the supporting point 
of three or more points may be prepared, but on supporter material or plate-like dimensional accuracy, since 
it becomes three-point support after all, three-point support is desirable. 

[0045] Moreover, although the single crystal silicon wafer produced firom a single-crystal-silicon ingot is 
typical as a base material of a semiconductor device Also among this silicon wafer, the oxygen density 
between grids [Oi] especially the low oxygen density CZ-silicon wafer between low grids ([Oi] 
concentration is usually 1.3x1018 atoms/cm3 (old ASTM) following) Having the inclination for the slip 
which was easy to carry out especially slip generating, and was generated at the time of wafer processing of 
heat-treatment etc. to tend to become large is known. The plate-like fixture for semi-conductor wafer heat- 
treatment of this invention can be applied especially effective in heat-treatment of such an oxygen density 
CZ-silicon wafer between low grids. 
[0046] 

[Example] After starting firom a "example 1" silicon single crystal ingot, by polish processing and etching 
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processing by the grinder, the periphery equipped circular and a center section with the wafer installation 
side (top face) of the **** curved-surface configuration of having the deepest part, the plate-like fixture of a 
concave surface and a flat-surface mold configuration as an inferior surface of tongue shows to plane 
drawing 3 was produced, and this plate-like fixture was washed using aqueous ammonia and the wash water 
which consists of a hydrogen peroxide. In addition, the difference of elevation from a contact location with 
303mm and a wafer periphery to the deepest part of the diameter of the wafer installation side (top face) of 
this plate-like fixture was 1.2mm in 20 micrometers, center line average-of-roughness-height 
RaO.Smicrometer of a wafer installation side, and periphery section thickness of a fixture. Moreover, six 
pieces were formed at intervals of 60 degrees, and seven through tubes were formed in the radius 0.65 times 
the location of the core in total in the wafer installation side. The sample wafer shown below was prepared 
and it laid on the installation side (top face) of the above-mentioned plate-like fixture at the condition which 
shows in drawing 3 (b). As a sample wafer, the diameter of 300mm, field bearing [100], P type, and the 
silicon single crystal wafer of resistance rho= 9-14 ohm-cm were used, in addition, the oxygen [Oi] 
concentration between grids which measured this sample wafer in advance by infrared absorption 
spectrometry ~ 1.1 - 1.2x1018 atoms/cm3 (old ASTM) it was . 

[0047] 25 plate-like fixtures which laid the above-mentioned sample wafer were carried in the support 
(vertical mold wafer boat) supported to lengthwise direction multistage. Moreover, it laid three dummy 
wafers at a time in the vertical edge of this support fixture respectively. Said support fixture is equivalent to 
what was shown in drawing 4 , and the thing of a three-point support type was used for it by the product 
made from silicon. In addition, the slit (supporter material) is formed for a long time so that it may support 
at this core from a core at one 0.8 times the location of a radius and this support fixture may support the 
bottom surface part of said plate-like fixture in which the wafer was laid by three points to the symmetry. 
[0048] The wafer was heat-treated using the equipment for semi-conductor wafer heat-treatment which 
carried the above-mentioned sample wafer installation plate-like fixture in the above-mentioned support, 
and the slip generating situation in that case was evaluated. In addition, after ******(ing) at 700 degrees C, 
the temperature iip of the heat treatment was carried out to 1000 degrees C by 8 degrees C / min, and after 
that, it was held in a temperature up and this 1200-degree C condition to 1200 degrees C by 2 degrees C / 
min for 1 hour, was lowered to 1000 degrees C by 2 degrees C / min, and was performed by the sequence 
which lowers the temperature and ***♦ to 700 degrees C by 8 degrees C / min after that. In addition, 
hydrogen gas was made to flow by 20 1/min in a fiimace, and it considered as the hydrogen ambient 
atmosphere. Measurement evaluation of the slip generating condition of the sample wafer after the above- 
mentioned heat treatment was carried out using X-line topography (lang law). In addition, at X-line target, it 
measured about all 25 sheets using Mo by the acceleration voltage of 55kV, and the operating condition of 
290mA of currents. The diffraction side was made into 400 diffraction which is most suitable for slip 
observation. The evaluation result is shown in Table 1 and drawing 1 1 R> 1 . In addition, in any case, the 
difference in some was in the location of a slip, but since most of 25 sheets were in the same slip generating 
situation, the example was shown in drawing 1 1 . 

[0049] The difference of elevation from a contact location with the wafer periphery in a "examples 2 and 3" 
wafer installation side to the deepest part 140 micrometers (example 2), It is 200 micrometers (example 3). 
Periphery section thickness 1.3mm (example 2), The plate-like fixture produced like the example 1 is used 
except being 1 .5mm (example 3). After laying the plate-like fixture like the example 1 in the support of the 
same vertical mold wafer boat format as an example 1 and heat-treating like an example 1 to it, 
measurement evaluation of the slip generating condition of a wafer was carried out. The evaluation result is 
shown in Table 1 and drawing 1111 . 

[0050] Start from the same silicon single crystal ingot with having used it in the "example 1 of comparison" 
example 1, and by polish processing and etching processing by the grinder A top and an inferior surface of 
tongue are the plate-like fixture for disc-like wafer installation of an parallel flat surface (0.9mm in 
thickness) mutually. After having manufactured top-face center line average-of-roughness-height 
RaO.Smicrometer, laying this in the same support as an example 1 like the example 1 and heat-treating like 
an example 1 , measurement evaluation of the slip generating condition of a wafer was carried out. The result 
is shown in Table 1 and drawing 1 1 . 

[0051] Except that the difference of elevation from a contact location with the wafer periphery in the 
"example 2 of comparison" wafer installation side to the deepest part was 1 .7mm in 220 micrometers and 
periphery section thickness, after carrying like the example 1 in the same support as an example 1 and heat- 
treating similarly to it using the plate-like fixture produced like the example 1, measurement evaluation of 
the slip generating condition of a wafer was carried out. The evaluation result is shown in Table 1 and 
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drawing 1 1 . 

[0052] From the same silicon single crystal ingot as the "example 4" example 1, the plate-like fixture of the 
concave curved-surface pan type configuration of having the curve concave surface-like inferior surface of 
tongue which a periphery equips circular and a center section with the top face of the concave bend side 
configuration of having the deepest part, and is parallel to this top face was produced, and this fixture was 
washed using the wash water which consists of aqueous ammonia and a hydrogen peroxide. In addition, the 
difference of elevation fi-om a contact location with 303mm and a wafer periphery to the deepest part of the 
diameter of the top face (wafer installation side) of this plate-like fixture was 1 .0mm in 20 micrometers, 
center line average-of-roughness-height RaO.Smicrometer of a wafer installation side, and thickness. Except 
having supported the fixture bottom surface part fi-om the core three symmetry to the same support as an 
example 1 at one 0.6 times the location of a radius using this plate-like fixture, after laying like the example 
1 and heat-treating like an example 1 , measurement evaluation of the slip generating condition of a wafer 
was carried out. The evaluation result is shown in Table 1 and drawing 1 1 R> 1 . 

[0053] Except being the "examples 5 and 6" difference of elevation, thickness, and the value that top-face 
core average-of-roughness-height Ra indicated to Table 1, respectively, the same concave curved-surface 
pan type plate-like fixture as an example 4 was produced, and measurement evaluation of the slip generating 
condition of a wafer was carried out for this like the example 4. The evaluation result is shown in Table 1 
and drawing 1 1 . 

[0054] The same concave curved- surface pan type plate-like fixture as an example 4 is produced except 
being the example 3 of a comparison thru/or "7" differences of elevation, thickness, and the value that top- 
face center line average-of-roughness-height Ra indicated to Table 1 , respectively. A fixture bottom surface 
part is laid in the fixture loading equipment of a vertical mold wafer boat format like an example 4 fi-om a 
core except having supported in the multiple location of the radius indicated to Table 1, respectively. (— 
however, after heat-treating only the example 5 of a comparison like 4 point-symmetry support) and an 
example 4, it carried out measurement evaluation of the slip generating condition of a wafer. The evaluation 
result is shown in Table 1 and drawing 1 1 . 

[0055] Except being 1.0mm in "example 8 of comparison" periphery section thickness, except having 
supported the fixture bottom surface part fi-om the core three synunetry to the same support as an example 1 
at one 0.6 times the location of a radius using the plate-like fixture produced like the example 1, after laying 
like the example 1 and heat-treating like an example 1 , measurement evaluation of the slip generating 
condition of a wafer was carried out. The evaluation result is shown in Table 1 and drawing 1 1 . 
[0056] 
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[0057] In the examples 1-3 of an example, the slip of 1-2 was observed by the periphery of a wafer in 10-13 
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sheets among 25 processed wafers so that clearly from drawing 1 1 . However, the sHp of 10mm or more was 
not observed at all. In addition, the slip was observed at all by neither of the remaining processed wafer. 
Moreover, in the examples 4-5, the slip was not observed at all about all the 25 processed wafers. On the 
other hand, in the examples 1 -5 of a comparison, and 7 and 8, several parts to which a slip of 10mm or more 
exists in high density in the periphery of a wafer were observed. Moreover, in the example 6 of a 
comparison, the cleavage was observed in the abbreviation diameter direction of a wafer. As mentioned 
above, in the example, it was admitted that can have the wafer installation side of a specific configuration, 
can prevent generating of the defect of a slip etc. in a wafer since a processed wafer is laid and heat-treated 
to this, or it could control. 
[0058] 

[Effect of the Invention] The fixture for semi-conductor wafer heat-treatment of this invention is equipped 
with the wafer installation side of the specific configuration mentioned above, since a processed wafer is 
laid and heat-treated to this, when carrying out elevated-temperature heat treatment of the wafer of the 
diameter of metaphor macrostomia, the defect of a slip etc. cannot be generated in a wafer, and is stabilized 
and can manufacture the semiconductor device of good quality with the sufficient yield. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
daxnages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 4] 
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[Drawing 6] 




[Drawing 7] 




[Drawing 5] 
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[Drawing 8 ] 
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'>x/N<DrtT't. #{c. <&?F5iimii^ [O 1 ] j!>m> 
ffi«?®ll^?gScz-v'i;=i:/'>x/Mi, i^^ufcx 

[0 0 0 8] ciDJ:-?:^. XU«y:/'%^{i:a-:5<'i;x/\ 

[0 0 0 9] L*^L*jb^?.. ^(*:'>XMfiP5^«iafflj& 

*tc:l3tt5«>XM<03a^^.O&;&JiLTfe. =S5a*;^ra 

[0 0 10] ^iiT?, '2^x>'N;g:-?-oe{S^ffiT?^-r« 

f&*). IISe5fCi5l?©*T?r>x/\«r3a^LTUSV\ ^ 

±ifinXL. ^<D«MJi:'J'x/N;Sr«Bt-«;>5riS*^#^?. 
n^o LA^U iDf^^aS^fc-^x/Niryix-hSTb^^i® 

u:fg«uTL^i.\ •>x/^t:/^'-^^B«:iG^s^^i:sc 

[0 0 1 1] 2|5:^B^#^tt. «!f*©'>X/vi?- h^03£ 

^mtxtd^ Tiafcpa-rsj:dte^7x/N«BS«^# 
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4 

It fc «fc t) > ^mfmimuicmn^^ « c t «aa 

10 [0 0 12] 3^^Wt±. m;*:PSo^i*'i'x/NT-^ 
•>x^N;gri§Sltejnia«iS-r« c: ^*^?^«if^«^^c•>x/^ 

[0 0 13] 

[K®;£«|j*-r«fcJ6o^S] ^^wo^^ft^'J'x/Nin 

I^SfflJ&Stt. ^^<*r>x/N:gr. ^©iBfcWBLT 

tefev^T. Beie±M*v ayi!yi'>x/N©itsfei±©it@ 

i:t8iB«aia5t©iSffiM*^2 0 m mJbM 5 00 n m<Dm 
[0 0 14] CUT. ttflHT'U'- h^*<D^»{*:'i7X/\iin 

U- h^^?l&RtO'>x/N«BS{cfefrj;g,E3ftSjgi^A^ia^ 

r= (b2 +a2 ) ^2 ai^DIB^^Wr^CJ:*^ 
tfJi^Vi^ia^RaA^O. 371/^0. 8 /tmT?fe«<li: 

[0 0 15] Sfc. huIB± 

1. OmmTSMl. 5mm©i5HfCfeSC: fc*' 
iSF$b<. ^e{CC©I^CDff$OPIIIgH7b^±0- 3 m 

?g«o«^t±, ^<r>mB^-^-i£ (mm^m^y 2 
fc. me:/^- h«t&M©r>x/Nma®t. «ss©sa 

50 Mnm 1 0 ffl-pfes c t bt>o 
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COO 1 6] gfc. :i^nm<oimw'^aifsimMmm^ 
ic^ m^<Do. 67!jMo. 8^<Dmm^mrrciiLmi? 

[0 0 17] $fc. HulH^f*'>XMiD^Sffl^B 

mil. -'^';'^s:$fc«tst«sc^3i{*'i;x/Nfii3as. 

[0 0 18] *%Wte}t>-*^«¥l»«t'>a:/Nito^Sfflo 

ti, ft^oSB!>x/Nj^iili:«DSiSffiB3b^6Saig|5ai?<D 
S<8M*^2 OTliMS 0 0 /tmOi5HtcS-5i:i,^-51fS'J' 

[0 0 19] «iiS*^rajgOSJ[^ei®?^«*fc»E3 

«o ^LT. iSB^n/'Ox/Ntt. iatcj;^^^^-?^- 

[0020] ±IB©J:9*'>x/N5a^||:^©^. "i^x 



(4) #Bi 2000-269150 

{iiSi:©^?©MA^2 07!)S5 0 0;tm<Dffl!ffl{Cfe;5ir 
himicWMX&^o COHANS 0 0 ;imJg:ai^^i:>> 
x/Njb^^fcA.Tf^x/NOcfJ^ft^KSffifc^T^-rS 

XU-yy^^^^L^-rt/^o $rc. <l<DS*^2 0Mm7l5}i 
1?tt'>XM©cf3^gPO^ji, i&5t,H±'i7X-'\Oc|355gPi:!lt 

70 [0 0 2 1] *%B^©^{*'>X>'^^|^S^afflj^ 

fflSRa (J IS B0601-1994)*0. 371 

SO. 8 MmtDffiHlC-ri)<lttC±-DT. ±IHxy -y:/ 

i iam^tox/N^^s-rso^BSih-rs c t*< 

[0 0 2 2] $fc, ::^^-h«}i&a©igfitBfc:, PS*< 
20 37iSl OmmSllEOHSdFL*, 375S1 OM. ffilSb 

fcHaofeoii. inf^S^fc^B^^x/NirT^p-hcD 

[0023] Mfc, w^ZfV- V m^m(D(i^rj: < t fe« 
BSAV (S i) 

#t^a'>x7N3!,^>'V3ve?x>'NOii-&. r>X7Ni: 
iyig3S^-^lSfi#0^*<Il--pfe« fcib-^x/s^gr^o 

^**#u K:^!^- h«<D/5?j!>\ 1. onm\. Sm 

•i? xv' \:&®g L Tinf^ L fcii^fc ^ jg^^e c -r C 

X/ NtDx y T'^i^ajfij-e f? ^ o -is. 

©±Bf«:fetJ«]SfflcM*^2 0 fi m7iM2 O 0 fi mOSSH 
40 l4*^^;«(gM>&it«W/h?< (2 00m 

[O O 2 4] ]EfC^fc> Hui3:/U- htt?&*Zitf^©j£ 

- h tt?l&*®Tffi4'^,^*^ 5 ^^\pi\cm^^<D 0 . 6 71 
so. 8eoSSPSfcoTttBt--S*»*t:'>x/Nip^ 

Sffl^stt^ se*b«Ltf^i^^ci8B'>x/N<D^^gi5-e 

<OTffiff^>*^&iii@:)jiRi{c^ijiS®o. 6^7lc}gs©®^ 
30 fcti, 3atgiJ5}-ft^;ge«i:*"oT. ccDgp^flD^iODSat 
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•> x/N^rX 'J •J' :^«D>[Ri^^ C ^-^ S c: < 

CO 0 2 5] *^w<Diii3l<*'>x-'Nini[S&S!iSffl©:?'^— 
x/NOftJiwaaffltcwjatcjSffi-e^So 

Co 0 2 6] 

(a) . (b) 01 OP^Whtt?featc«JMSI^x 
/^;?:ttBL^cttl8^^LrclIT♦feoT. (a) \.tWMm. 
^<o>i7x/Ncot^S*?N-refE0T'fe»?, (b) «ips^>f 

o'^x-'NCD^^^^fc^^-rtSMatffeSo 03«x 

M^ST-fe^o 0 4{±. Aa!^^!lS■r-<^*^^^>>x/^:g: 

fc. *^B^tC5!)^*^«ifi«#'>x/Ninf^afflSlg«:ji^l^ 
{ciRgLft^T-a^LftHT'^^o 0 5 (a) . (b) 
{i, h 3 *03afg|5**fi: J; T3£ 

if LfctScSi^©, *«WK:*^*^Si^fi^'>x7NAn|^«!® 

ffli^g^jiPrtfciRSUfcteei-e^u (a) a, ^©flii 

BE*, (b) ti^BS^&^-To S/-c0 6l±. 

x/N^&sat-rstie^otKS'^x/N^-h^^-ro Mtc. 

%Wt!:*^*^§4m{*'>x/NAp^S^g%#lfiR-r«3at 

!^)^5^^i^i«c•>x/^|!ai^yl^B«:^Lfc»fS0, 09t±ia 

8 0 1 0 « U >^*«<D5tMaJ 

^^MSSJg^i: Lfc2|s:^WK*^55)^«i|iW*>>x/NSnJ»Kl 

CO 0 2 7] ^^^<D^^^3^fsmmm<o-f\y- 

s (±ffi) *v «s*n««ia3i'>x/N(DitS2 b 
@b) iM±o^igiigD^wr«tj^tc. ff'^^gptca^ 

i:©S^ffiM*>P.MISg}Si?ge$t?coigffiMa*^2 OTliS 
5 0 0 /im<Dffl5Hi:*«<fc-5fi:jigfiK^n«o 

Co 0 2 8] CO'>X/^eB®^i::8l5aa^X/^*efi•r 
Sfcx 02 (a) »c^fJ:'5tc, r^x-'M tt^-OD^iitaJ 
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B 

h , I'j'iSPa^© g ate J: t) d^^tcM/uT'^iggp J: t) a 
scfc^u c:iDG3ffl®±<*-z?3at?n« (02 

(b) ) o 

Co 0 2 9] -^x/Nti. ^asBrtT-in^^ nrc« 

tcj; t). 'i;x.'\<D^2gp*^®ffiA>T'a*53!)^±:^{i:S5 
10 iSlp]5b^fe5o OfSP'U- h«jl&*2tcJ;5IHlftBcO^ 
tt. WI3'>x/NOc:©J:-5^tt««:fOfflbfcfeOTfe 

So 

CO 0 3 0] *%qg©>^^-h«}&A2 0'j7X7NKB® 
li. ±fiBLf^:'>x^^Oi^|^a^{c:te^^5g^^J^^cig 

Co 0 3 1] i|f H/^CDfiSJ^ttti. 02 (a) 
^-rJ;dfc. ^©ft^^S (r) jb\ es-j^x/ACD^liS 
*b^ ^^'X/N^ig(7)iEB®J:Og;S{ftS*^5>eBBg 
IHjSSTtDiaffiM^ a bfct 
r = (b* +a2 ) /2 a 

Coo 3 2] *^ret?i±, ±ffir>x/NiEgffi«DiaftBjg 

^^{cfei>Ts ^gH'>x/^^ig^^:^Dg^ffiaA^e,gggga5^ 

■eOllf^a^*^ ZOTiMSOOMm. J;>?iff^b<{±5 
^±. >>x/N(Di^i^*^MIHeBB©«S?g|5T-*S4'^giJ 

vcmiy-f. HKsgtox/N^iaaso^^os^iifii^tJx * 

«c^:!^)^■^f*«:v^„ —-n. BffiMA^2 O/tm*T0«« 

'i7x>'N©in^^cDS»?*^<fiS?r±liI5«^*^4fe 

-/o ft^^mr= (b2 +a2 ) X2 aomm^mt^fs 

(3 0 0mm) ft^^fsga. 5 6. 2 575M5 6 
2. Smi^So 

CO 0 3 3] 2fi:^?gOtufB:/U- ht?fe*©^Bffi (± 
B) fc:6V^T«Br>x/Ntg-r-5SP^i-«. ^©aBffl? 
•?feS'^>L^¥l%ffl? RaCJIS B0601-19 
9 4)*^0. 3JiS0. 8 iixaiOmmicm^StlZ^t 

50 9s '>x/^^:/^-^«^i&^)5,^c,i(lSl^-^i:5c^:*^fflM 
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[0 0 3 4] $fc. Hja^LSrl/^*^ atc^^cD^U- htt 
^L<t±57!jS8mmCDSa?L^. STIjSIO^I. 

[0 0 3 5] MgHMa?L3©?LS*M OmmJ:t3:^#t^ 

[0 0 3 6] *%?ST'fflt^5±i3yi'-h«?&«<D. •> 
[0 0 3 7] inflame ■>ai7N;g:iaSfA^*< it— fC 

(0 3fc^Lfc?i&*) (om^icii. mm±m 

©]5(aM*^2 07iM2 0 0/xmt*-5J:dfCjg^U S. 
KfeAO^ii^iS;* (ff*) 273S1. 5 m 

mmJeU:fc**J:3k:jgfigt-Sc:fc*^»SL«.^o Sfc, 

^ (S 1 C) 3-hO->'J=iV (S i) ^^{b^r-r 
^i^Si>"j3>'x CVD-S i C 



(6) ^fBI2 0 0 0-2 69 1 50 

h 2 ©, < 1 1 '>x^^tg1la^gI5^*^±i/ 

70 [0 0 3 8] $fc:0 2{C^U/c::/^— h«jl&M2«, 

WMm^tlil. 07bS.l. 5mm(OmMicM>?>Z.ti^ 

»$L.t>o yiy—h:i^mm<Dm-?^1)\ l. Omm^TlHl 

«^t±> 7'^-^«^&*2^£r$^S'^'x/^:a?-^?^^^D 

So ^©S^m, tQIB[HIl^!,*^^gBLfc•J;x^^i:^u -^x 

[0 0 3 9] MSaS!>x>'N^«BLrc:/P- 
©i|^«:^7X/Nin|^S«SB^««LT. ^mmPiKi 

[0 0 4 0] fi^a^tf, xv;^f:^5x^7l/^«^g^<D«M 

^s©*a-jci±. 0 5 (a) . Cb) {c^-r<t^*^e 
i^^atm* 4 aiTsat^nfc^x/NfgBffiyu— 

S2*'^;i/i^^— 4 brtfciR^-rsit-fe:?'^— 4^^lf 
«{:fc*^i?#«„ fip^, -9-fe::/^»-4<D±{ct±3o«!^ 
gtt©:^i^-h^gMj4 aA^^tte-n. ^oy^-h 

^•:fu-hmm2<otpAj>tcnhrmtici 20° <dsps 

-/O %fe-pT?^fig?nT».>5o 

[0 0 4 1]-:^. ^1;ji^\^^-h(0^of3:Wm(D^ 

0!l^-r§c: tA^T^-So 04 fC3^Lrctfi^^7xyN4?- h 

^(o^m 5 1±, c <D3^e (mmtt) 5 a 

fc:l£iIltDr^-h5Ei^«5 b^mri/^Se «3iB:?^l^ 

- h ikitmi)\ wie:^!^- h 5 b »c^s«b* 

50 T. m^eitm^. 7«t:-^f%^L/TV^So 
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[0 0 4 2] f]y-yi^^m^. ^^^(D-fU-Y^ 
« 2 (O^Aj.^cmf^lSi^i^'iS: < t 3 Ji^T-3a$$n-5 C t*^ 

ft©cf4:>*^?.4iS:?!riR]{cSifi@oo. ejbMo. s^s© 

[0 0 4 3] ^T-t. MfBL/5:J;p{C0 4{c^^tl/-cgge 
t^ 5 c <D-gp%^X^,^fc.lSf Jg^^fc^Jf gi5«;grJg^LT 

a^sits :^^-^tt?i&g2^SEBL•rfe^v^o asti 

fc, 010 (a) , (b) fc^^-Tidtc. bCIBU ^iJ^*? 

}BJ5gLTfefil/^o CKOtt. Bio (a) Ic^-t^vic 
t(DmX^^^(0±^t£li. ^O*^%^|0*^3 o' JWT 

*P.*t.>J:'5{c-rsf=i67?^t). MI33 0' tl^S^^l* 
fet). iti»$L<«l 0- WTJb^At/V 
[0 0 4 4] ^rzmimLrcJ:vic^mS(OBmi. # 

[00 4 5] $fc, #MBV>y3W>rf>y h*^e,f^K 

Tfe. «?ragi^i8s [o 1 ] tf^m^m'fm. 

3X1 018 atoras/ctns (o|<, ast^q ^^ inl^S 

h ^mmii. 2KD J: 5 i&mtS^SII^JBiif C Z — > 'J 3 
[004 6] 
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- h:i^mm(0'yjL/\mmm (±m) onsa 3 o a m 

2 0 /I m. •>X7NKft®0(t'4:^¥JQiia? R a 0. 5 fi 
m. 1 . 2mmt?J6ofCo Sfc^ r>X 

70 /NKBSJcti. ^©cfioSt/^OO. 6 51S©ftBfc 

6 0° KPi-ee^B, -tfit)^. -&tf-e7ffl<DHjl?L*JB 

^Lfco ^JeteS^t-y-vy/lz-^x/N^rffllcL. ±^^1^- 

hw^miomMm (±ffi) ±tc0 3 cb) ic^-rm^ic 

KBb/fco •9->':/7l/'>x>'Ni:bT{i. itSaoomm. 

[10 0] . Pm. gjitp = 9~l 4 Q • cm© 

to i ] 1. 1 — 1. 2X10'B atoms/cm^ 

(old ASTM) Tfeofco 

20 [004 7] ±m^y:fiv^ji^^^mmvrii':fiy- h« 

«#^3tSl-^05r5-'>x/N:&tgBL/co MIBSatrfe* 
i±. 04fc:^Lfc€.©^:|g^T«t)^ ->Un>iS!T3jiS 

®0. S^ayHLM-vm'pAL^icimics^X-^-t^J^^ 

[0 0 4 8] ±ie-9->':/;i/'>x>'N«e7'ix-h«?feft^ 

-hlB3at*fclSRLfc^2if*:t;x/Nja5^affi^B:grffl 
V>T'>x/NOS^«ia;grffV\ ^©ISCDX'J 

Lfc^. 8 'C/m i n -e 1 0 0 0 tjg^ML. ^CD^. 
2 *C/m i n T 1 2 0 0 tlJS^, C© 1 2 0 0 "CO*? 
^Tl^ffi^U 2'C/m 1 nTl 0 0 O-CigRfa 

^©^8t:/m 1 nT?7 0 0t:^^iau jSFtbLf 
^->-y>X-^^-p;rc„ iS:^^ tpmc:^m:ffX^2 0 1 
/ml nxmx^^. TK^amtLfco ±lg!^S^ 

o-i?->:/;V!>x^N©x y y y^^*M8*. X -isa h j}?^/ 

^0 ■77'f- (Ian gm ^fflV^T. SD^ffML^to * 
k V. mMZ9 OmA(Omi^0kfirT\ 2 StSTT^TttO 

rt^s 4 0 oig^fc Lfco ^■©Sffli^:^;!:^ i Rtf @ i 

[00 4 9] rUSSMZ. 3J 'i?X/N®M®fc:fett-S'> 
x-'N^igireDS^SffiSA^&agggPS-^Olgfgll*^! 4 0 
50 Mm (^SS0!I2) . 2 00/im (^^3) T'feOx ^ 
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m^m^ff-l. 3mm (USSPa) . l. Smm (MM 

m 3 ) T-s ^nLmtmmm 1 1 iRi^tf^s ufc y u- h 

1 1 fC^fo 

[0 0 5 0] rjtiSMij ll«itwi-efiWbfci;i^«<iD 

OP^O. 9 mm. ±ffi(fiL^^i%IE^R aO. 5^ 
«^i6 1 S.tf a 1 1 tciS^-To 

[00 5 1] yammzA •>xM«eDi5{c:fej^;5>^x/s 

m> ^iSSP!®? 1 . 7mmT?355JJ(^1.«||SfiM 1 fclHai 

1 s.t;s 1 1 fc^^f o 
[0052] ^mmmAs mm.m\t.mm(o>'Vziym 

("irx/N^B®) OiggliS 0 Smm, '^;x/^S^^:<D 30 
Sj^ffiS*^e)g^S-??©iafiM« 2 0 /t m. 'J^x^NlS 
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ffi®04'^L.^^¥l^!S^R a 0. 5/im>^?l. Oram 

1 {C^S'^o 

[0 0 5 3] rUfiSCTS. 6jS«M. ±S4'^% 

4 i: i5iai©mffl®jiiijg:/^— h *eife*^f^is! cn 

«:llfflM4 i:l^el^i:LT'J7x/^^DX'J yy^^ttS^Sj 

[0 0 5 4] ritlSM37T)S7J iSffiM. m-^. ±®cf 

ffi^^^a 1 RXfm 1 1 fc^-To 
[0 0 5 5] rUMms J mm^m-^ 1 . OmmT^S 

'>x/NO;?.U'y::^M*tt|g%iB!|^i!Ffllibfeo ^og? 
ffi^m^S 1 RCf 0 1 1 tc^fo 
[00 5 6] 

[gl] 
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[0 0 5 7] Hi 1 5t)>6.B^e>3b^j5:j;d{c. Mmmmi — 
3T?«s siaa'^x-'Nz 5*sc*i 0—1 zmc^\<^x. 

-J -fit ^r>rc< o fco JttJM i ~ 

Coo 5 8] 

^'x-'N;&ig?g^5{M-r5^jc:fe<r>Tfe'j'x<'Nrt{cxy ^0 

C0 2 ] 0 2 a, H 1 ©ifi^ttc'^x-^NfinlKUaJlfflJ&Rtc 
•^x/N^Sr^BbfcttS^^-TH. (a) fitol^MiD^.^ 

(b) tt4Djaiaa«jiicfettsr>x/N4e 



CB3] 0 3tt, *%B^^cft^5^)^§^{£^^^^:•>x/^^)^l^^^M 

C04] 04av *%^k:3!>^*^S4^f*'>x»NSnf^S 
*^l8{c*^*^«iiS3¥(4:<>x^Nil0SMyiffilig%i^(^tciR 

[S6] 0 6t±. ^ii3|^!^:^7x/^;g^^•r■s^^3l508^sr> 

[g|7] 0 7«, ^^WcoyL'-httj^a C4^«:'>x 
#:r>X7Nin5^31ffiSa%^-r0 9 <D A - A»fffi0Tfe 

So 

[09] 09tt. m%ic^-t^{ie.^3Lf\mmsmmm^ 

[010] 01 0«. 08. 09{J:^Lfcy:^i'**eo^ 

[01 1] 01 Hi. mmm-immin^if^. msim 

S«0-9->'y;l/'>x/sOx-lih33<iy^7Jcj:-5«|||^ 

1 -I^X/N 

4 5atS 
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